In order to analyse the association between drinking coffee in pregnancy and risk of spontaneous abortion, a casecontrolled study was conducted in Milan, Northern Italy. Cases were 782 women with spontaneous abortion within the 12th week of gestation. The control group was recruited from women who gave birth at term (Ͼ37 weeks gestation) to healthy infants on randomly selected days at the same hospitals where cases had been identified: 1543 controls were interviewed. A total of 561 (72%) cases of spontaneous abortion and 877 (57%) controls reported coffee drinking during the first trimester of the index pregnancy. The corresponding multivariate odds ratios of spontaneous abortion, in comparison with non-drinkers, were 1.2, 1.8 and 4.0, respectively, for drinkers of 1, 2 or 3, and 4 or more cups of coffee per day. No relationship emerged between maternal decaffeinated coffee, tea and cola drinking in pregnancy, as well as paternal coffee consumption, and risk of spontaneous abortion. With regard to duration in years of coffee drinking, the estimated multivariate odds ratios of spontaneous abortion were, in comparison with non-coffee drinkers, 1.1 (95% confidence interval (CI) 0.9-1.4) and 1.9 (95% CI 1.5-2.6) for women reporting a duration of coffee consumption ഛ10 or Ͼ10 years. In conclusion, coffee drinking early in pregnancy was associated with an increased risk of abortion. This has biological implications, but epidemiological inference on the causality is difficult and still open to debate.
Introduction
It has been suggested that drinking coffee during pregnancy increases the risk of spontaneous abortions. For example, an elevated late spontaneous abortion risk of about 70% was observed in heavy caffeine users in a prospective study of more than 3000 women in the USA (Srisuphan and Brachen, 2286 © European Society for Human Reproduction and Embryology 1986). Similar results emerged from at least one other cohort study conducted in Japan (Furuhashi et al., 1985) .
However, potential confounding factors, chiefly smoking and alcohol consumption, were not adequately taken into account in all studies. Furthermore, no relationship between caffeine consumption and spontaneous abortions emerged in a recent case-control study conducted in the USA on 607 cases and 1284 controls, and an apparent association between heavy caffeine consumption (Ͼ300 mg/day) disappeared after controlling for potential covariates (Fenster et al., 1991) .
To offer further information on the issue, data were analysed from a case-controlled study on risk factors for spontaneous abortion conducted in Milan, Northern Italy.
Materials and methods
Between 1990 and 1995, trained interviewers identified and questioned cases and controls using a structured questionnaire. The general design of the study has been published (Parazzini et al., 1994a (Parazzini et al., ,b, 1997 .
Cases were 782 women (median age 32 years) admitted for spontaneous abortion (within the 12th week of gestation) to the Clinica Luigi Mangiagalli (the largest obstetric hospital in Milan) and a network of obstetric departments in the greater Milan area. All miscarriages were confirmed by uterine curettage and pathological examination. Of these, 298 (38%) were between the 4th and the 8th week of gestation and 484 (62%) between the 9th and the 12th.
The control group was recruited from women who gave birth at term (Ͼ37 weeks gestation) to healthy infants on randomly selected days at the same hospitals where cases had been identified. The control subjects were chosen within 1 month of case ascertainment. A total of 1543 control women (median age 30 years) was interviewed. They were not formally matched for age with cases, but the interviewers were aware of the requirement to interview cases and controls of comparable quinquennia of age.
Information was obtained on general sociodemographic habits, personal characteristics and habits (including smoking and alcohol drinking), gynaecological and obstetrical history. Cases and controls were also asked about their consumption of coffee and other methylxanthine-containing beverages (tea, cola and also decaffeinated coffee) before pregnancy and during the first trimester of gestation. Drinkers who declared to have stopped coffee consumption at any time between last menstruation and spontaneous abortion, for cases, and last menstruation and 12 weeks of gestation, for controls were defined as women who quit drinking coffee during the first trimester of pregnancy.
The usual paternal coffee consumption (number of cups per day) was collected by questioning the women only. Data on the epiphenomena of nausea were collected for each trimester of pregnancy in terms of intensity (none, low, moderate or serious) since June 1993. Therefore, only 354 (45%) cases and 743 (48%) controls had this information. Specific attention was paid to obtaining information on coffee (and other beverages) drinking in the first trimester of gestation in controls, too, who were interviewed after delivery. Less than 2% of eligible women refused to be interviewed.
Data analysis
The odds ratios were computed as estimators of the relative risks of spontaneous abortion for maternal and paternal coffee and other beverage drinking, together with their 95% approximate confidence intervals (CI), from data stratified for age by the Mantel-Haenszel procedure (Mantel and Haenszel, 1959) . When a factor could be classified in more than two levels, the significance of the linear trend in risk was assessed by the Mantel test (Mantel, 1963) .
To account simultaneously for the effects of several potential confounding factors, unconditional multiple logistic regression was used, with maximum likelihood fitting to obtain the relative risks, their corresponding 95% CI and, when appropriate, tests for trend (Baker and Nelder, 1978) . Included in the regression equations were terms for age, education, previous livebirths and spontaneous abortions, alcohol consumption, smoking and nausea intensity in the first trimester of pregnancy.
Results
The distribution of cases and controls according to age, education, reproductive history, smoking habits and alcohol consumption in the first trimester of pregnancy is shown in Table I . Cases tended to be less educated, more frequently parae and more frequently reported previous spontaneous abortions than controls. Smokers during the first trimester of pregnancy were at a higher risk of miscarriage (odds ratio 1.7, 95% CI 1.3-2.1). In comparison with teetotallers, the ageadjusted odds ratio of miscarriage was 1.2 (95% CI 1.0-1.4) for women reporting one or more alcoholic drinks per day (chiefly wine) during the first trimester of pregnancy. As regards women with moderate or severe degree of nausea, in comparison with women without nausea, the odds ratios were 0.7 (95% CI 0.5-1.0) and 0.5 (95% CI 0.4-0.8), respectively.
Cases tended to drink coffee more frequently than controls (Table II) . In comparison with non-drinkers, the corresponding odds ratios for spontaneous abortion were 1.5 and 4.0 for consumption of four or more cups of coffee per day before and during the first trimester of pregnancy, respectively. In comparison with no coffee drinkers before and during pregnancy (122 cases and 323 controls), the multivariate odds ratio of miscarriage was 0.8 (95% CI 0.6-1.2) in the women who were coffee drinkers before pregnancy, but quitted coffee drinking during pregnancy.
The relative risks of spontaneous abortions according to coffee consumption during the first trimester of the index pregnancy were further analysed in strata of age, education, reproductive history, smoking or alcohol drinking and nausea (Table III) . There was no noteworthy interaction with any of the variables considered, as most of the estimated odds ratios were around 2 for drinkers of two or three cups, and 5 for drinkers of four or more cups of coffee per day.
Maternal consumption of other methylxanthine-containing beverages, paternal coffee drinking and risk of abortion is considered in Table IV . No relationship emerged between decaffeinated coffee, tea and cola drinking and risk of spontaneous abortion. The odds ratio estimate for a father who drank Table I . Distribution of 782 a cases of spontaneous abortion and 1543 controls according to age, education, previous livebirths and spontaneous abortions, smoking and alcohol consumption during the first trimester of pregnancy (Milan, Italy 1990 -1995 coffee compared with a non-drinker was 1.3 (95% CI 0.9-1.9) and 1.1 (95% CI 0.8-1.5), respectively, for one and two or more cups per day.
Discussion
In this study women drinking coffee before and during the first trimester of pregnancy were at a higher risk of spontaneous abortion, and the risk increased with number of cups drunk per day. Likewise, duration of consumption longer than 10 years was associated with the risk of miscarriage. No relationship emerged between paternal coffee drinking and risk of miscarriage. Maternal decaffeinated coffee, tea and cola drinking was not significantly associated with the risk of miscarriages. In Italy, however, tea, cola and decaffeinated coffee consumption is limited. Consequently this study includes very few women reporting more than one serving per day of these beverages, and thus it is difficult to draw any conclusions on the effects of tea, cola and decaffeinated coffee on the risk of spontaneous abortion from the results of this study. Potential biases should be discussed. First of all, the time of data collection in cases and controls differed, cases being interviewed while in hospital for dilatation and curettage during the first trimester and controls while in hospital for delivery. However, a specific attempt was made to collect information on coffee consumption during the first trimester of pregnancy also from controls. This assessment of coffee consumption was based on self-reporting, so some underestimate could have occurred. In Italy, however, coffee consumption is normal and socially accepted (La Vecchia et al., 1987) , and recommendations to avoid coffee in pregnancy have not received widespread attention and are not routinely advocated by gynaecologists. Information was not collected on the size of cups of coffee, but this should not be a problem in Italy, since the majority of women drink 'espresso' or 'mocha' (i.e. small cup unfiltered coffee). The usual paternal coffee consumption (number of cups per day) was collected by interviewing the women only; this information is probably acceptable for the purpose of this study.
The choice as controls of women who delivered healthy infants at term may have introduced some potential bias. Coffee drinkers may give birth more frequently to low-birthweight infants (Narod et al., 1991) . Since these women were 2288 not included in our control group, an artificially elevated coffee-related odds ratio of miscarriage may result. However, an analysis conducted considering separately as control group mothers delivering children weighing Ͻ3500 g and ജ3500 g did not show any difference in the odds ratio estimates. In fact, the odds ratios of spontaneous abortions, in comparison with non-coffee drinkers in pregnancy, for women drinking during the first trimester of pregnancy 1, 2 or 3, and 4 or more cups of coffee were 1.2, 2.2 and 4.4, respectively, and 1.2, 1.6 and 3.3, respectively, when the comparison group included mothers of children weighing Ͻ3500 g and ജ3500 g. In general, the interest of this analysis was to define the effect of coffee on the risk of miscarriage in comparison with normal outcome pregnancies, and the inclusion in the control group of women with adverse pregnancy outcomes related to coffee drinking would have spuriously underestimated the potential relationship between coffee and spontaneous abortion.
In Italy, practically all clinical detectable abortions require hospital admission. However, a limitation of any hospitalbased case-control study on miscarriage is that subclinical abortions are excluded. In general, however, any definition and hence assessment of risk factors for subclinical miscarriage is difficult and, to date, no factor has been associated consistently with early, but not clinically diagnosed, abortion. The public health relevance of subclinical miscarriage is also unclear.
Cases and controls were drawn from the same hospitals, (Savitz and Baron, 1989) , but is probably not of substantial importance in this analysis. In fact, the effect of coffee on the risk of miscarriage was present both in smokers and non-smokers. This gives support to the relationship between coffee and miscarriage risk. No information was collected regarding coffee consumption in previous pregnancies, thus the relationship between coffee consumption and outcome of previous pregnancies in subjects included in this study could not be analysed. Nausea in early months of pregnancy may cause a reduction in coffee consumption (Fenster et al., 1991; Stein and Susser, 1991) , and nausea is less frequent in pregnancies which miscarry (Medalie, 1957) . Thus, it has been suggested that coffee consumption could be considered an indicator, rather than a cause, of poor pregnancy outcome. Furthermore, the relationship between coffee consumption, nausea and risk of miscarriage could be complicated by the effect of coffee in reducing steroid concentrations in pregnancy (Petridou et al., 1992) , since low oestrogen concentrations have been associated with decreased nausea and increased risk of poor outcome of gestation (Fairweather, 1968) . In spite of these considerations, no interaction between nausea and coffee drinking emerged in this study even if the history of nausea had been timed within the same period as the history of coffee consumption (Stein and Susser, 1991) .
Available evidence on the relationship between coffee consumption in pregnancy and the risk of spontaneous abortions is not completely consistent. No association emerged in a prospective study conducted in Canada (Watkinson and Fried, 1985) , and no difference in caffeine intake in pregnancy was observed in women who miscarried chromosomally normal or aberrant embryos (Kline et al., 1991) . Furthermore, a higher risk of abortion in coffee drinkers disappeared after taking into account potential confounding factors in a case-control study conducted in California (Fenster et al., 1991) . Conversely, an increased risk of miscarriage in coffee drinkers emerged in three studies (Weathersbee et al., 1977; Furuhashi et al., 1985; Srisuphan and Brachen, 1986 ) and in a case-control study on recurrent abortions, although in the latter study the finding was not statistically significant (Parazzini et al., 1991) . In these studies the odds ratio estimates for higher level of exposure, defined by intake of two coffee servings per day to five or more, were about 2 to 3, i.e. largely consistent with the present results. Another case-control study found a positive association between coffee intake, both before and during pregnancy, and risk of miscarriage (Infante-Rivard et al., 1993) . It is difficult to interpret these differences in terms of type of preparation of coffee in different studies. In fact, differences also emerged in studies conducted in the same countries, where differences in strength of coffee preparation should, if any, be limited.
This study shows an association between coffee drinking before and during pregnancy. However, the association 2290 observed between coffee drinking before conception and risk of spontaneous abortion seems largely driven by women who did not stop coffee drinking in pregnancy. In fact the estimated odds ratio of spontaneous abortion, in comparison with women reporting no coffee drinking before conception, was 1.2 (not significant), for women who ceased coffee drinking during the first trimester of pregnancy. This suggests that the negative effect of coffee on the pregnancy outcome acts during pregnancy.
In biological terms, coffee is mutagenic in human cell cultures (Ostertag et al., 1965) and has been associated with increased rates of malformation and resorptions in rodents (Collins, 1981; Fenster et al., 1991) and miscarriages in monkeys (Gilbert et al., 1988) . Coffee raises cyclic 3Ј,5Ј-adenosine monophosphate in cells and consequently interferes with embryological development (Morris and Weinstein, 1981) , besides decreasing oestrogen concentrations in pregnancy (Petridou et al., 1992) .
In conclusion, in this study, coffee drinking in pregnancy was associated with increased abortion risk, and this has possible biological implications (Purves and Sullivan, 1993) , but epidemiological inference on causality is difficult and still open to debate.
